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@ Stress mode cifcuit for an integrated circuit witli on-cliip vpitiage down converter. 



@ A stress mode circuit Is provided on an in- 
tegrated circuit memory to generate a voltage that is 
either (a) equal to a reference voltage (VREF), or (b) 
is proportional to an external supply voltage 
VCCEXT. The circuit includes two voltage divider, 
circuits (60) to provide the proportional voltage. Two 
differential amplifiers. (72, 74, 76, 78, 80, 82; 94, 96, 



98, 100, 102, 104) are provided to generate outputs 
corresponding to a comparison to the proportion 
voltage and the reference voltage (VREF). The out- 
puts operate switches (52,' 64) that couple the refer- 
ence voltage (VREF) or the proportional voltage to 
an output terininal. 
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The present invention relates to a stress mode 
circuit for integrated circuits. More particularly, it 
concerns a stress mode circuit for accelerated re- 
liability testing of integrated circuits which provides 
a reference voltage for generating "VCC internal" 
for use in the integrated circuit, where the refer- 
ence voltage is constant for low values of "VGC 
external" and is a ratiometric proportion of VCC 
external for higher values of VCC external. 

Some integrated circuits are tested for reliabil- 
ity ,by increasing their internal voltage. This is typi- 
cally done to accelerate failures. Devices that set 
the internal voltage equal to an external voltage 
simply raise the external voltage to test for reliabil- 
ity. Raising the internal voltage is referred to as 
"stress" mode. Stress mode generally connotes 
the use of an artificially high VCC level. 

Some integrated circuits, such as high density 
memories, operate on a internal operating voltage 
less than the external voltage VCC, which is typi- 
cally 5V. These circuits use this lower internal 
voltage for better reliability and lower power con- 
isumption. However, 5V is the accepted, industry- 
wide power supply value for many applications. 
Thus, integrated circuits using a lower internal volt- 
age require a "voltage down" converter ("VDC") 
integrated on these chips. A VDC provides a lower 
voltage output than the VCC external it receives. 

The ideal characteristics of an on-chip voltage 
down converter can be seen in Fig. 1. A line 10 
■ represents the relationship between an internal volt- 
age VCC (VCCINT) and an external voltage VCC 
(VCCEXT) up to a voltage X of VCCEXT. The slope 
of this line is 1 so that VCCINT = VCCEXT over 
the range of 0 volts to voltage X. Beyond voltage 
X, VCCINT is constant (as shown by line 12) re- 
gardless of the voltage of VCCEXT (VCCEXT ^ X). 

However, where a voltage-down converter is 
used for maintaining a . constant VCCINT while 
VCCEXT varies (above voltage X), it is impossible 
to perform accelerated reliability testing (stress 
mode) because VCCINT cannot be driven above 
the constant level 12 by simply raising VCCEXT. 

There are several ways, to overcome this prob- 
lem. Stress mode' circuitry can be implemented to 
cause ■ VCCINT to be generated equal to: (a) 
VCCEXT; (b) a proportion of VCCEXT; or (c) a 
constant voltage drop below VCCEXT. However, 
some stress mode circuitry uses logic gates requir- 
ing timing signals to select the test mode. The 
disadvantage of this approach is that the circuitry 
may become active accidentally. For example, dur- 
ing ppwer-up of the chip, the timing signals neces- 
sary to enable the stress mode may accidentally 
be provided. Thus, the chip will be operating in 
stress mode, without the user's awareness. The 
chip will quickly become unreliable because of the 
high voltage applied to the circuit. 



A prior art stress mode circuit 13 is shown 
schematically within Fig. 2, and is more fully dis- 
closed in Mao et al., A New On- Chip Voltage 
Regulator For High Density CMOS DRAMs, 1992 

5 Symposium on VLSI Circuits Digest of Technical 
Papers, p. 108, 109 (1992 IEEE). Briefly, circuit 13 
is comprised of a stress mode circuit 13A and a 
VDC circuit 13B The stress mode circuit includes a 
comparator 14, and transistors 16, 18, 20, 22, and 

70 26. The VDC of circuit 13 includes transistors 28, 
30, 32, 34, 36, 38 and 40. The circuit as shown has 
inputs coupled to receive an external supply volt- 
age VCCEXT, a reference voltage VR, a voltage 
VG which is proportionate to VR, and VCCEXT/5. 

75 VG is generated as a comparison voltage to 
VCCEXT/5. Circuit 13 outputs VCCINT. 

When VG ^ VCCEXT/5, circuit 13 is not in the 
stress mode. Comparator 14 outputs a high signal 
to a p-channel transistor 16, maintaining transistor 

20 16 off. Transistors 18, 20 and 22 are configured as 
a voltage divider circuit. The voltage at node 24 is. 
V3 VCCEXT when transistor 16 is on, and' is be- 
tween OV and VTP (approximately 0.7V) when tran-^ 
sistor 16 is off. 

25 Continuing in the case where VG S VCCEXT/5, 

transistor 16 is off. The voltage at node 24 is low. 
Since node 24 is coupled to the gate of an n- 
channel transistor 26, transistor 26 is off or nearly 
off. The input to the gate electrode of transistor 28; 

30 is VR. Transistors 28, 30, 32, 34, 36, 38 and 40 are.: 
configured so that the internal voltage VCCINT; 
supplied at a node 42 is 2VR. Transistors 38 and 
40 are configured as another voltage divider circuit. 
The voltage at a node 44 is VCCINT/2 or VR. 

35 Turning to the stress mode, i.e. when. 

VCCEXT/5 > VG, comparator 14 outputs a low 
signal to turn on transistor 16. The voltage at node- 
24 will be V3 VCCEXT, which is supplied .to and 
turns on transistor 26. The internal voltage VCCINT 

40 at node 42 will not be ^/g VCCEXT because VR is 
still being applied to transistor 28. Transistors 26 
and 28 are both on, which provide more current 
drive capability than if only transistor 26 were on. 
This pulls a voltage at node 27 down more than if 

45 only transistor 26 was on. The lower voltage at 
node 27 will turn transistor 36 on harder. Therefore, 
the voltage at node 44 supplied to gate transistor- 
30 will be greater than V3 VCCEXT to compensate 
for VR being applied to transistor 28 during stress ■ 

50 mode. Thus, VCCINT, which is two times the volt- 
age at node 44, will be greater than VCCEXT. . 

One of the disadvantages of this circuit when in 
test mode is it does not supply a VCCINT propor- 
tional to VCCEXT. Further, both VR and the voltage 

55 supplied from node 24 to the gate of transistor 26 
are inputs that influence VCCINT. It is harder to 
tune the Fig. 2 circuit to produce a proportion of 
VCCEXT because the two input voltages must 
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each be individually adjusted. 

Therefore, it is. a general object of the present . 
invention to overcome the above-mentioned prob- 
lems. 

Another object of the present invention is to 
provide a circuit where the transition point for . 
VCCINT from a constant to a ratio of VCCEXT can 
be set independent from that ratio. 

This invention prdvides a test mode circuit for 
accelerated reliability testing of an integrated circuit 
chip. It provides a constant reference voltage over 
a range of low voltages of VCCEXT. It further 
provides a reference voltage substantially equal to 
a proportion of VCCEXT when performing acceler- 
ated reliability testing. The reference voltage is 
used to generate an internal VCC. VCCINT will be 
constant while the reference voltage is constant, 
and will be proportionate to VCCEXT when the 
reference voltage is proportionate to VCCEXT for 
stress mode. 

A preferred embodiment of the present inven- 
tion includes a comparator for comparing a refer- 
ence voltage to a proportionate value of VCCEXT. 
It also includes a circuit tliat provides the propor- 
tion of VCCEXT, and switches to provide as an 
output either the reference voltage or the propor- 
tion of VCCEXT.' - 

A novel and important aspect of the operation 
of such voltage converter is its ability to provide a 
reference- voltage, and thus a VCCINT, that is con- 
stant over a . range of low voltage values for 
VCCEXT, and is only a ratiometric proportion of 
VCCEXT when the circuit perfornris accelerated re- 
liability testing. 

Another important aspect of such test mode 
circuit is that the ratio of VCCINT to VCCEXT 
during test rhode and the" level of the reference 
voltage when in normal operation can be set by 
using transistors of varying sizes. 

The invention also includes a method for op- ■ 
erating a test mode circuit., A method of operating 
the circuit may comprise the steps of: (1) compar- 
ing a- reference voltage VREF to a proportionate 
voltage VCCEXT*; (2) supplying the reference volt- 
age VREF as an output when VREF & VCCEXT; 
and (3) supplying VCCEXT* as an output when 
VCCEXT* > VREF. 

The invention, together with its objects and the 
advantages thereof, may best be undei-stood by 
reference to the following detailed. description taken 
in conjunction with the accompanying drawings 
with which: 

Fig. 1 is a graph of an input-output characteristic 
of an on-chip voltage down converter. 
Fig. 2 is a detailed diagram of a prior art voltage 
down converter responsively coupled to test 
mode circuitry. 



Fig. 3 is a block diagram of the preferred em- 
bodiment of the present invention. 
Fig. 4 is a detailed diagram of the Fig. 3 em- 
bodiment. 

5 Fig. 5 is an exemplary configuration of a voltage 
down converter coupled to the Fig. 4 diagram. 
Fig. 6 is a graph of VCCINT and VREFP versus 
VCCEXT for the Fig. 3 embodiment. 
Fig. 3 contains a block diagram of the pre- 

10 ferred embodiment of the present invention. A cir- 
cuit 48 receives various- inputs and provides a . 
signal to a voltage down converter 68. Preferably, 
all of this circuitry is on the same chip as the host 
circuitry, e. g. a memory or other device. 

75 Within circuit 48, . a reference voltage VREF 

generated elsewhere on-chip (or off-chip) is con- 
ducted by a line 50 to a switch 52. Reference 
voltage VREF is also supplied to an input terminal 
of a comparator 54. Comparator 54 outputs a con- 

20 trol signal to switch 52. via a line 56. Switch 52 
selectively couples reference voltage VREF to a 
node 58. ■ 

A VCCEXT derivative voltage generator 60 pro- 
vides a voltage conducted by a line 62 to a switch 

25 64. The voltage provided by generator 60 is pro- 
vided to another input terminal Of comparator 54. 
Comparator 54 outputs a second control signal to 
switch 64 via a line 66. Switch 64 selectively cou- 
ples the voltage conducted by line 62 to node 58. 

30 Node 58 is coupled to an input of a voltage down 
converter 68 that outputs an internal voitage 
VCCINT. VDC 68 may or may not be configured as 
the VDC of circuit 13 in Fig. 2. Fig. 5 is an 
. exemplary illustration of VDC 68. 

35 The operation of the Fig. 3 embodiment (circuit 

48) will be explained with reference to Fig. 4. A 
differential amplifier is implemented by transistors 
70, .72, 74, 76, 78, 80 and 82. Illustratively, field 
effect transistors are used, but bipolar technology 

40 could be employed, or other implementations. 
VREF is supplied to gate electrodes of transistors 
•70 and 72. A voltage 0.3 VCCEXT generated by 
VCCEXT derivative voltage generator 60 is sup- 
plied to a gate electrode of transistor 74 via a node 

45 or line 62a. 

The voltage 0.3 VCCEXT is an arbitrary propor- 
tion of voltage VCCEXT, and may be one of a 
range of proportions of VCCEXT. In the instance 
where 0.3 VCCEXT < VREF, transistor 74 will be 

50 turned on less than transistor 72, i.e. be less con- 
ductive than transistor 72. (Since they have their 
sources coupled to each other, their conductivity is 
determined by the respective gate voltages). A 
voltage at a node 84 will be less than a voltage at a 

55 node 86 since transistor 72 allows more current to 
pass through active transistor 70 to a second volt- 
age supply or reference voltage (typically ground). 
With VCCINT applied to the gate electrodes of 



3 



5 



EP 0 600 527 A1 



both transistors 76 and 78, transistor 78 will allow 
more current to pass than transistor 76 because 
the gate-source voltage of transistor 78 is greater 
than the gate-source voltage of transistor 76. 
Therefore, a voltage at a node 88 will be less than, 
a voltage at node 90. 

The voltage at node 88 is coupled to the gate 
electrodes ' of transistors' 80 and 82, both of which 
have source electrodes coupled to receive 
VCCEXT. Since the gate-source voltage of transis- 
tors 80 and 82 are the same, they both conduct the 
same amount of current. But, transistor 76 has a 
higher source-drain path resistance than transistor 
78 since it is not turned on as hard as transistor 78. 
Therefore, the current from transistor 82 causes a 
greater voltage drop across transistor 76 than the 
current from transistor 80 through transistor 78. 
The result is that node 90 is pulled up to a higher 
voltage. This makes n-channel transistor 52 more 
conductive. 

Where 0.3 VCCEXT is > VREF, transistor 74 is 
turned on more than transistor 72. Node 86 will 
have a lower voltage than node 84 because transis- 
tor 74 is conducting more current. With VCCINT 
controlling both transistors 76 and 78, transistor 76 
will be turned ori more than transistor 78 since the 
gate-source voltage of transistor 76 is greater than 
the gate-source voltage of transistor 78. The volt- 
age at node 90 will be less than the voltage at 
node 88. ■ 

The gate voltage of transistor 82 is equal to the 
voltage at node 88 since node 88 is coupled to the 
gate electrode of transistor 82. Since the gate- 
source voltage of transistors 80 and 82 are the 
same, they both conduct the same' amount of cur- 
• rent. However, transistor 76 has a lower source- 
drain path, resistance than transistor 78 because 
transistor 76 is turned on harder than transistor 78. 
therefore, the current from transistor 82 causes a 
lower voltage drop across transistor - 76 than the 
current from transistor 80 through transistor 78. 
Node 90 is pulled down , to a lower voltage than it 
had for . the condition 0.3 VCCEXT < VREF. This 
makes transistor 52 less conductive. 

The voltage at node 90 is supplied via line 56 
to switch 52.. Switch 52 is illustratively a single n- 
channel transistor. Line 56 is coupled to the gate of 
this transistor to control it in response to the inputs 
of the differential amplifier. For VREF > 0.3 
VCCEXT, the transistor of switch 52 is on. VREF is 
thereby coupled to node 58 as VREF.P, to be 
supplied as an input to the voltage down converter 
(not shown) to generate VCCINT. For VREF < 0.3 
VCCEXT, the transistor is off. 

.A second differential amplifier is preferably in- 
cluded in the Fig. 4 embodiment. This second 
differential amplifier, implemented by transistors 
92, 94, 96, 98, 100, 102 and 104, has a similar 



function as the first differential amplifier, but. the 
inputs VREF and 0.3 VCCEXT. are reversed. The 
second differential amplifier is configured so that its 
outjDut supplied on line 66 is high when VREF < 

5 0.3 VCCEXT. 

The output of the second differential amplifier 
is supplied via line 66 to switch 64. Switch, 64 is 
illustratively a single n-channel transistor. Line 66 is 
coupled to the gate electrode of this transistor. This 

10 transistor is turned on when the voltage on line 66 
is high. The voltage on line 66 goes high in re- 
sponse to the comparison of the VREF and 0.3 
VCCEXT to inputs of the second differential am- 
plifier. For VREF > 0.3 VCCEXT, the output on line 

IS 66 is low and the transistor of switch 64 is off. For 
VREF < 0.3 VCCEXT, the output on line 66 is high 
and the transistor of switch 64 is on. 0.3 VCCEXT 
is how provided as the voltage VREFP, supplied by 
line 62b from VCCEXT derivative voltage generator 

20 60. 

The operation of the Fig. 3 embodinhent will be 
explained by referring to Fig. 5. Circuit 110 of Fig.' 
5 illustrates an exemplary configuration for VDC 68 
of Fig. 3. Circuit 110 receives voltages VREFP and 

25 VCCEXT, and outputs VCCINT. 

Briefly, VCCEXT is iselectively coupled to a 
node 112 through a source-drain path of a transis- 
tor 114. VCCEXT is selectively coupled to a node 
116 through a source-drain . path of ;a transistor 118. 

30 Gate electrodes of transistors 118 and 114 are 
coupled together. The gate electrodes of transistors 
118 and 114 are coupled to a node 116. Node 112 - 
is selectively coupled to node 120 through a 
source-drain path of a transistor 122. Node 116 is 

35 selectively coupled to a node 120 through a 
source-drain path of a transistor 124. Node 120 is 
coupled to a. reference voltage (e.g. ground) 
through current source 121. A gate electrode of 
transistor 122 is coupled to receive VREFP. 

40 VCCEXT is selectively coupled to a node 126 

through a source-drain path of a transistor 128. A 
gate electrode of transistor 128 is coupled to node 
112. Node 126 is selectively coupled to a. node 130 
through a source-drain path of a transistor 132. 

45 Node 130 is coupled to a gate electrode of transis- 
tor 124. Node 130 is also coupled to a gate elec- 
trode of transistor 132. Node 130 is selectively 
coupled to ground through the source-drain path of 
a transistor 134. A gate electrode of transistor 134 

50 is coupled to ground. 

Fig. 5 operates in such a manner as to main-' 
tain, the voltage applied to the gate electrode of 
transistor 124 from node 130 substantially equal to 
VREFP. When VREFP = VREF (normal operation), 

55 the voltage at node ,130 tracks and is approxi- 
mately equal to VREFP to maintain a substantially 
constant VCCINT. VREFP, as explained previously, 
provides a voltage VREF that is constant over 
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varying VCCEXT until a proportion of VCCEXT 
exceeds VREF. At this point, VREFP equals the 
proportion of VCCEXT for stress mode operation. 

When VREFP changes from VREF (normal op- 
eration) to the proportion of VCCEXT (stress 5 
mode), the voltage at the gate electrode of transis- 
tor 122 is increased. Transistor 122 is turned on 
harder to pull the voltage at node 112 lower. The 
lower voltage at node 112- will turn on transistor 
128 harder to pull the voltage at node 126 io 
(VCCINT) higher. VCCINT is pulled higher until 
VREFP stops increasing. The higher voltage at 
node 126 causes the voltage at node 130 to in- 
crease since transistors 132 and 134 act as a 
voltage divider. . 75 

The increased voltage, at node 130 turns tran- 
sistor 124 on harder to pull the voltage at node 116 
lower. The lower voltage at node 116 will turn on 
transistor 114 harder to pull the voltage at node . 
112 higher. At this point, the voltage at node 112 20 
maintains transistor 128 barely on to compensate 
for leakage current at node 126. 

For example, normal operating voltages of the 
present invention are preferably VREFP = VREF 
= 1.5V, VCCINT = 3.3V, VCCEXT = 5V and the . 25 
proportion of VCCEXT S VREF. VCCINT is prefer- 
ably equal to approximately 2.2 VREFP regardless 
whether the chip is in normal operation or sti'ess 
mode. 

When the proportion of VCCEXT exceeds 30 
VREF, VREFP equals that proportion of VCCEXT. 
The proportion of VCCEXT may increase to ap- 
proximately 2.1V when VCCEXT reaches approxi- 
mately 7V. VCCINT equals approximately 4.62V. 
Accelerated testing is performed while VCCINT is 35 
at such a high voltage. 

It will be appreciated that the preferred em- 
bodiment of the presertt invention supplies a volt- 
age VREFP which can be used to generate 
VCCINT for normal and stress mode operations 40 
without the need for other input voltages: This 
obviates the need for two voltage inputs to deter- 
mine VCCINT; as shown in Fig. 2 by transistors 26 
and 28. Any fine tuning problems in using two input 
comparison voltages to generate VCCINT are elimi- 45 
nated. Accordingly, internal voltage VCCINT will be 
a more accurate proportion of VCCEXT. 

It will be appreciated that the Fig. 3 embodi- 
ment is not coupled to receive any clock signals. 
The Fig. 3 embodiment will not accidentally enter 50 
stress mode, for example, when the chip is power- 
ed up. 

Transistor 106 is used as a power-up transistor 
for the circuit in Fig. 4. When powering up the 
preferred embodiment of the present invention, 55 
transistor 106 allows current to bypass transistor 
78. This pulls the voltage at node 88 lower than the 
voltage, at node 90. Transistor 82 will have a higher 



current drive capability due to the voltage drop 
between its gate and drain. Node 90 will be pulled 
closer to VCCEXT. The signal on line 56 will have 
a high voltage. 
5 If transistor 106 were not used, upon power-up 

the voltage at node 90 and the voltage of the signal 
on line 56 would be unknown. The preferred em- 
bodiment of the present irtvention requires the sig- 
nal on line 56 to power up with a high yoltage in 
0 order to provide VREF as VREFP. 

Transistors 76, 78, 98 and 100 in Fig. 4 are 
utilized to prevent a voltage drop VCCEXT-VSS 
across some of the transistors in the first and 
second differential amplifiers. This is preferred 
'5 since the present embodiment is using transistors 
of such small dimensions that a large voltage drop 
across the transistors (VCCEXT-VSS) nriay cause 
ptinch-through or gated-diode breakdown.' 

Although VCCEXT derivative voltage generator 
>o 60 implemented as two voltage dividers, other cir- 
cuitry may be used to supply a voltage via lines 
62a and 62b. It is, preferable to use two voltage 
divider circuits for VCCEXT derivative voltage gen- 
erator 60 for the following reason: switches 52 and 
25 64 may be active at the same time, thus coupling 
line 50 which conducts VREF to line 62b which 
conducts (0.3) VCCEXT. This coupling may cause 
voltage fluctuations on line 62b. If line 62b were 
also coupled to the inputs of the differential amplifi- 
30 ers via line 62a, then the outputs of the differential 
amplifiers would be adversely affected. Therefore, 
separate voltage dividers are provided to avoid this 
situation. 

It is preferred that the two differential amplifiers 
35 do not switch outputs at the same time in order to 
provide a more stable VREFP. To avoid this, it is 
preferred that transistor 74 has a greater channel 
length than transistor 72, 94 and 96. This will make 
the first differential amplifier (including transistor 
40 74) . switch after the second differential amplifier 
does. It should be noted, that other modifications to 
the amplifier can achieve the same result. 

It is also possible to change the transistor sizes 
to adjust the proportionate of VCCEXT for the 
45 stress mode, and to adjust the point where VREFP 
transitions between VREF and the proportion of 
VCCEXT. To adjust the proportion of VCCEXT, the 
voltage divider coupled to switch 64 can be modi- 
fied to output a different voltage. This in turn' will be 
50 a different proportion of VCCEXT supplied to 
VREFP when in the stress mode. The slope of line 
VREFP after line 140 in Fig.' 6 will be adjusted 
according to the output of the voltage divider 60 
coupled to switch 64. Varying the proportion of 
55 VREFP will vary VCCINT according to the needs of 
. the user for stress mode operation. 

To adjust the transition point shown by line 140 
in Fig. 6, the voltage divider circuit 60 coupled to 
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the inputs of the differential amplifiers can be ad- 
justed to provide different voltages. For example, if 
the output voltage of voltage divider circuit 60 is 
increased, then the : differential amplifiers would 
switch at a point to the left of line 140 as VCCEXT 
increases. \f the output voltage is decreased (a 
lesser proportion of VCCEXT), then VREFP will 
transition at a point to the right of line 140. 

The advantages of the present invention are 
particularly suited for testing the reliability of the 
chip in which the present invention can be in- 
tegrated. For example, a test engineer will operate 
a chip in stress mode (high VCCINT) until it fails. 
Based on the time that the chip tooi< to fail while in 
stress mode, the test engineer will calculate the life 
expectancy of the chip for a given reliability. 

The calculated life expectancy is also deter- 
mined from VCCINT during stress mode. The prob- 
lem is that the chip has no pins connected to 
VCCINT that are available externally of the chip 
package. Therefore, the test engineer must use the 
value of VCCINT that is supplied by design en- 
gineers. If VCCINT is not accurately known, the 
calculated life expectancy reflects this inaccuracy. 

The actual VCCINT generated by the prior art 
circuit shown in Fig. 2 cannot be accurately and 
precisely calculated since VCCINT is determined 
by both the voltages input to the gates of transis- 
tors 26 and 28. In essence, the operation ranges 
for both voltages input to the gate electrodes of 
transistors 26 and 28 propagate to create a larger 
operation range of VCCINT for the Fig. 2 circuit 
than the present invention. This leads to the cal-' 
culated VCCINT of the Fig. 2 circuit being less, 
precise and accurate than the actual VCCINT of the 
Fig. 2 circuit in operation. Thus, the life expectancy 
determination is less accurate. 

Further, the prior art circuit in Fig. 2 does not 
have a well-defined transition from normal opera- 
tion to stress mode. This may cause a problem 
when determining whether the device is in stress 
mode or normal operation. If chip enters stress 
mode at too low a' value for VCCEXT, then unnec- 
essary power is consumed. Further, the tester or 
the user may not know if the device is in stress 
mode, which will decrease the life expectancy of 
the chip. 

Claims 

1. A stress mode circuit characterized by: a com- 
parison circuit (54) poupled to receive input 
voltages, and to. generate an output responsive 
to a comparison of said input voltages, a plu- 
rality of switches (52, 64) coupled to receive, 
said output of said comparison circuit (54), and 
an output terminal, wherein said plurality of 
switches (52, 64) selectively couple at least 



one voltage to said output terminal. 

2. The circuit of Claim 1 wherein said at least one 
voltage is one of said input voltages. 

5 

3. The circuit of any preceding claim further char- 
acterized by at least one voltage generator (60) 
to generate one of said input voltages. 

10 4. The circuit of any preceding claim wherein 
said comparison circuit (54) includes at least 
two differential amplifiers (72, 74, 76, 78, 80, 
■ . 82; 94, 96, 98, 100, 102, 104) , said differentiai 
amplifiers (72, 74, 76, 78, 80, 82; 94, 96, 98, 

75 100, 102, 104) coupled to receive said input 

voltages to generate respective outputs that 
have opposite .states in response to the com- 
parison of said input voltages. 

20 5. The circuit of any preceding claim, wherein 
said plurality of switches (52, 64) include at 
least two switches (52, 64), said switches (52, 
64) coupled to said respective outputs of said 
differential amplifiers (72, 74, 76, 78, 80, 82;;' 

25 94, 96, 98, 100, 102, 104) to responsively. 

couple said input voltages to said output termi-^ 
nal. 

, • 6. The circuit of any preceding claim 'further char.-. 
30 acterized by a voltage converter (1 1 0) coupled 

to said output terminal to provide an internal, 
voltage (VCCINT). 

7. The circuit of any preceding claim wherein 
35 said comparison circuit include a plurality of 

transistors (72, 74, 76, 78, 80, 82; 94, 96, 98, 
. " 100, 102, 104), at least one transistor (76, 78, 
98, 100) of said plurality being coupled be-^ 
tween at least two other transistors (72, 80; 74, 
40 82; 94, 102; 96, 104) of. said plurality to elimi- 

nate a large voltage drop across either of said 
at least two other transistors (72, 80; 74, 82; 
94, 102; 96, 104).. 

45 8. The circuit of any preceding claim further in- 
cluding a power-up transistor (106) coupled in 
parallel to said at least one transistor (78). 

9. A method to operate a stress mode circuit 
50 characterized by the steps of comparing a 

reference voltage (VREF) to another voltage, 
generating at least' one output that corresponds 
to said comparison of said voltages, and pro- 
viding one of said voltages as an output re- 
55 sponsive to said at least one output. 

10. The method of Claim 10 further comprising the 
step of generating said another voltage. 
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